Introduction
============

In many parts of the world including Southeast and East Asia, ketamine abuse is emerging as a major problem while the peak of methamphetamine epidemic may have passed.[@b1-sar-2-011],[@b2-sar-2-011] The use of ketamine along with other "club drugs", such as MDMA (ecstasy), gamma-hydroxybutyric acid (GHB), and flunitrazepam, can develop into various adverse health aftermaths including dependence and specific organ toxicity. Among the club drugs, MDMA use still dominates in the clubs and rave parties. However, it has been reported that ketamine is being used for nonmedical purposes outside of clubs and rave parties in many parts of the world.[@b3-sar-2-011]--[@b5-sar-2-011] In fact, ketamine has surpassed other club drugs and even replaced heroin as the predominant drug of abuse in Hong Kong since the early 2000s.[@b6-sar-2-011] In addition, an increasing trend of illicit ketamine use has also been reported in China, Malaysia, and Taiwan.[@b4-sar-2-011],[@b7-sar-2-011],[@b8-sar-2-011] Illicit ketamine use may occur alone or in combination with other drugs. In Taiwan, for example, "Trinity" is a description for a sequence of polydrug use at a club with MDMA first, followed by ketamine, and then marijuana.[@b9-sar-2-011] At the recreational scenes, ketamine is usually called "K", "vitamin K", "super K", or "special K".

Ketamine (2-\[2-chlorophenyl\]-2-\[methylamino\]-cyclohexanone) is a pharmaceutical derived from phencyclidine (PCP) and cyclohexamine. It was originally developed by Parke-Davis Laboratories in 1962 and introduced into clinical usage as an anesthetic in 1970.[@b10-sar-2-011]--[@b13-sar-2-011] Often known by its brand names such as Ketofen®, Ketalar®, Ketanest®, Ketaset®, Ketaject®, Ketamine 500®, and Imalgen®, the hydrochloride form of ketamine is rapid-acting and lipid soluble with a short elimination half-life.[@b14-sar-2-011]--[@b16-sar-2-011] With adequate doses, a trancelike and cataleptic state with amnesia occurs, producing the so-called dissociative effect.[@b10-sar-2-011],[@b11-sar-2-011],[@b14-sar-2-011] Soon after ketamine was developed, its illegal manufacture, distribution, and nonmedical use were reported.[@b17-sar-2-011] In the 1970s, the abuse potential of ketamine was noted by both academic and government agencies.[@b18-sar-2-011],[@b19-sar-2-011]

Although ketamine abuse has been observed in many parts of the world and there clearly are multiple dangers associated with nonmedical use, it has not been scheduled as a controlled substance by the United Nations. Therefore, the scale of ketamine abuse may not be appropriately assessed. Recently, however, ketamine has been found to have potential for treatment of depression. Since depression is one of the most important diseases that remain to be solved in this century, the promising potential of ketamine as a key for treatment should not be overlooked. Hence, this review aims to briefly describe ketamine's pharmacological and toxicological effects that are associated with its treatment potential and abuse liability so that both academia and incumbent agencies will be addressed in the multiple issues related to ketamine use.

Pharmacology and mechanism of action
====================================

Anesthesia and analgesia
------------------------

Ketamine is a noncompetitive inhibitor of the *N*-methyl-D-aspartate (NMDA) glutaminergic receptors, although it can also interact with other receptors, such as opioid receptors and type A gamma-amino-butyric acid receptors at relatively high plasma concentrations.[@b20-sar-2-011],[@b21-sar-2-011] The NMDA receptor ([Figure 1](#f1-sar-2-011){ref-type="fig"}), a cation-gated channel receptor permeable primarily to calcium, is involved in sensory input at the spinal, thalamic, limbic, and cortical levels.[@b11-sar-2-011] The binding of excitatory amino acids (EAA), including glutamate, glycine, and aspartate, to the NMDA receptor causes opening of the channels and eventually leads to neuronal depolarization. An acute dose of ketamine can prevent the influx of calcium ions and blocks the sensory input and impairs limbic functions.[@b11-sar-2-011] Impairment of memory by ketamine has been shown in laboratory studies.[@b22-sar-2-011],[@b23-sar-2-011] The antagonism of NMDA receptor by ketamine has been associated with the analgesic, dissociative, and neuroprotective effects, while the modulation by ketamine of opioid receptors also contributes to its analgesic effects and is considered to be responsible for its dysphoric effects.[@b14-sar-2-011],[@b24-sar-2-011] In human embryonic kidney cells, ketamine has also been found to inhibit the uptake of norepinephrine and serotonin in a dose-dependent manner, a mechanism that has been postulated to explain its psychomimetic and sympathomimetic effects.[@b25-sar-2-011] Putting these effects together, the administration of ketamine results in anesthesia, analgesia, tachycardia, increased blood pressure, impaired memory and cognitive function, and visual alterations.[@b13-sar-2-011],[@b26-sar-2-011],[@b27-sar-2-011]

Ketamine is water soluble with a pKa of 7.5 and a short half-life of 1--3 hours.[@b28-sar-2-011] It possesses a wide margin of physiological safety but can cause psychological dissociation and results in hallucinations at much smaller doses than therapeutic need.[@b19-sar-2-011],[@b29-sar-2-011] However, unlike most other anesthetics that are cardiorespiratory depressants, ketamine is a stimulant. Such a clinical advantage of causing less respiratory inhibition helps explain why ketamine is still used as a human anesthetic.[@b29-sar-2-011] For anesthetic purposes, it can be administered intramuscularly to perform minor procedures or administered continuously via an intravenous route.[@b16-sar-2-011] It can also be administered orally, epidurally, and intrathecally for treatment of postoperative or chronic cancer pain and neuropathic pain control.[@b30-sar-2-011],[@b31-sar-2-011]

Stereochemistry and metabolism
------------------------------

With a chiral center at the C-2 carbon of its cyclohexanone ring, ketamine exists in two optical enantiomers, S-(+)-ketamine and R-(−)-ketamine, which differ in their analgesic and anesthetic effects.[@b32-sar-2-011] Ketamine is pharmaceutically manufactured as a 1:1 racemic mixture of enantiomers.[@b33-sar-2-011] In cultured rat hippocampal neurons, the S-(+)-enantiomer was shown to be twice as potent as the R-(−)-ketamine on NMDA receptor-activated cation currents.[@b32-sar-2-011] In human brain, S-(+)-enantiomer binds to the PCP binding site of the NMDA receptor complex with a 4- to 5-fold higher affinity than the R-(−)-ketamine.[@b34-sar-2-011] By contrast, the R-(−)-enantiomer is more potent than the S(+)-enantiomer for the effect of bronchodilation. This difference appears to be caused by differential actions on receptor-operated calcium channels.[@b35-sar-2-011]

In animals, ketamine is metabolized, besides its untransformed form, into norketamine (NK), hydroxynorketamine, and dehydronorketamine (DHNK).[@b36-sar-2-011] In humans, ketamine is similarly metabolized into metabolites, which can be detected in urine, with DHNK being the most abundant, followed by NK.[@b37-sar-2-011] NK is pharmacologically active with an anesthetic potency approximately one-third of ketamine. The major hepatic enzymes responsible for ketamine N-demethylation are CYP3A4, followed by CYP2B6 and CYP2C9, although large interindividual variability in the metabolism of ketamine exists.[@b37-sar-2-011]--[@b39-sar-2-011] The pathway of ketamine metabolism is depicted in [Figure 2](#f2-sar-2-011){ref-type="fig"}. It has been reported that concurrent administration of diazepam, which can inhibit hepatic metabolism, can prolong the plasma half-life of ketamine and its metabolites.[@b40-sar-2-011] In addition, the emergence phenomenon, which is the most frequently reported adverse effect of ketamine, is decreased by the administration of diazepam and other benzodiazepines.[@b41-sar-2-011]

Some implications of ketamine use in psychiatry
-----------------------------------------------

In addition to its original use as an anesthetic and analgesic, ketamine has also been utilized for psychiatric purposes. Some of its applications are briefly discussed as follows:

### Recent progress: antidepressant effects

Recent studies indicated that ketamine possesses rapid antidepressant effects in treatment-resistant patients with major depressive disorder.[@b42-sar-2-011] Lately it has been reported that 40 minutes after a single subanesthetic intravenous infusion of ketamine hydrochloride (0.5 mg/kg), the depressive symptoms of the subjects with treatment-resistant bipolar depression were significantly improved. Such an improvement remained significant through day three.[@b43-sar-2-011] The antidepressant effects of ketamine have been associated with its antagonistic effects on the NMDA receptor or inhibitory effects on the norepinephrine and serotonin transporter function.[@b42-sar-2-011],[@b44-sar-2-011] In contrast, a recent investigation revealed that ketamine treatment can activate the mammalian target of rapamycin (mTOR) pathway to strengthen synapses in the prefrontal cortex of rats.[@b45-sar-2-011] In rat depression models, blockade of mTOR signaling also blocked ketamine induction of synaptogenesis and behavioral responses.[@b45-sar-2-011]

Besides ketamine, some psychedelic drugs, such as lysergic acid diethylamide (LSD) and psilocybin, have shown efficacy in treating obsessive-compulsive disorders and addiction as well as depression and anxiety.[@b46-sar-2-011]

Although ketamine-induced antidepressant effect was rapid, its adverse events including dissociation and strange, weird, or bizarre feeling did occur.[@b43-sar-2-011] In fact, the same intravenous dose of ketamine (0.5 mg/kg), which was effective for patients with treatment-resistant bipolar depression, has been reported to produce behaviors similar to the positive and negative symptoms of schizophrenia and to evoke symptoms similar to dissociative states.[@b22-sar-2-011] Furthermore, although glutamate/NMDA receptors may play a pivotal role in the pathophysiology of major depressive disorder, the involvement and interaction of other potential therapeutic targets such as other glutamate receptor families (α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptors, metabotropic glutamate receptors), glutamate transporter EAAC1/2 enhancer, sigma-1 receptors, anti-inflammatory drugs, and antioxidants should not be overlooked.[@b47-sar-2-011] As major depressive disorder affects more than 120 million people worldwide, the mechanism(s) that underlie the treatment of depression with ketamine and other psychedelics deserve further investigation.[@b48-sar-2-011]

### PCP-ketamine/NMDA models of schizophrenia

Schizophrenia, a severe, persistent, and debilitating psychiatric disorder, is characterized by symptoms that can be divided into three main domains: positive, negative, and cognitive.[@b49-sar-2-011] The conventional dopamine model or hypothesis attributes symptoms of schizophrenia to a disturbed and hyperactive dopaminergic signal transduction.[@b50-sar-2-011],[@b51-sar-2-011] For example, amphetamine, cocaine, and similar drugs increase levels of dopamine in the brain and can cause "amphetamine psychosis" or "cocaine psychosis", but they may also produce experiences virtually indistinguishable from the positive symptoms of schizophrenia.[@b52-sar-2-011] In contrast to the dopamine model, several dissociative anesthetics, including PCP and ketamine, exert their unique behavioral effects by blocking the NMDA receptors and induce a psychotomimetic state that closely resembles both positive and negative symptoms of schizophrenia.[@b49-sar-2-011],[@b53-sar-2-011] Over the past several decades many animal models and challenge studies with normal volunteers have accordingly been developed with the NMDA models to study the mechanism of schizophrenia.[@b49-sar-2-011] Since schizophrenia is a chronic mental disorder that develops gradually over time, the negative symptoms and cognitive dysfunction develop early and then positive symptoms gradually emerged.[@b22-sar-2-011] Therefore, an appropriate model design, such as suitable dose range or treatment duration, would be important to conform to the symptoms observed in established schizophrenia. For instance, acute ketamine treatment models, either with animals or human subjects, would at best observe the early symptoms of schizophrenia.[@b22-sar-2-011],[@b54-sar-2-011] Furthermore, administration of subanesthetic doses of ketamine to neuroleptic-free schizophrenic patients resulted in brief exacerbation of both positive and negative symptoms with further decrements in recall and recognition memory. The patients also displayed greater ketamine-induced impairments in free recall than normal subjects. Auditory hallucinations and paranoia were also observed in patients but not in normal subjects. These results demonstrate that ketamine is associated with exacerbation of core psychotic and cognitive symptoms in schizophrenia.[@b55-sar-2-011] It has been shown that NE-100, a putative sigma~1~ receptor antagonist, inhibited ketamine-elicited discriminative stimulus effects in a rat model, suggesting the involvement of sigma receptors in the pathogenesis of some psychiatric disorders.[@b56-sar-2-011] Although these mechanisms are yet to be elucidated, it is reasonable to assume that PCP-ketamine/NMDA receptors interact with other receptors or systems to exacerbate or alleviate the effects.

Taken together, PCP or ketamine may be a useful tool to study the mechanism of schizophrenia, but the results should be interpreted with more detailed information.

### Ketamine psychedelic therapy (KPT)

In Russia, it has been claimed that ketamine (2.5 mg/kg, intramuscular) was effective for treatment of alcoholism.[@b57-sar-2-011] The aversive therapy, based on the frightening experience of ketamine-elicited psychedelic emergence phenomenon, was used before cognitive therapy sessions to induce negative reinforcement. Total abstinence for more than 1 year was observed in 65.8% of alcoholic patients in the KPT group, compared to 24% of the conventional treatment group.[@b57-sar-2-011] Similar effectiveness of KPT for heroin addiction treatment was reported and repeated sessions of KPT were more effective than those of single KPT.[@b58-sar-2-011]

Toxicology and adverse effects
==============================

Psychedelic effects and dependence
----------------------------------

Ketamine, like PCP, can lead to vivid dreams (both pleasant and frightening) and hallucinations.[@b59-sar-2-011] Although ketamine has a good safety profile, patients in recovery following ketamine anesthesia may experience the "emergence phenomenon", which commonly include feelings of mind-body dissociation (out-of the body or near death experiences) with difficulty in movement, sensations of floating, severe disorientation, vivid dreams, and delirium.[@b11-sar-2-011],[@b14-sar-2-011] It has been shown that the R(−)-isomer produces a higher rate of emergence reactions and more agitated behavior than the S(+) isomer.[@b11-sar-2-011] Furthermore, the antagonistic effects of ketamine on the NMDA receptors include hyperexcitability, severe agitation, and paranoid psychosis.[@b12-sar-2-011],[@b13-sar-2-011] Ketamine also has dopaminergic actions, which may be related to its abuse.[@b12-sar-2-011],[@b13-sar-2-011],[@b60-sar-2-011] Although ketamine was originally believed to have a low potential for dependence, 78.9% of Hong Kong ketamine abusers, defined by the governmental Central Registry of Drug Abuse (CRDA) as those who come into contact with treatment, health care, social service, welfare, and law enforcement organizations, developed into dependence after regular use for 1 year.[@b61-sar-2-011] In addition, on stopping ketamine use, 53.5% of these abusers reported withdrawal symptoms including fatigue, excessive yawning, aggressive or hostile behavior, feeling angry, irritable, or depressed. In Singapore, two ketamine-dependent patients were observed to manifest psychotic effects that include multimodal hallucinatory experiences, a sense of slowing, paranoid ideation, and enhancement of sexual, musical, and sensory enjoyment.[@b62-sar-2-011] The effect of ketamine on driving remains to be observed but a negative effect on driving performance has been suggested.[@b63-sar-2-011]

Cognitive impairment
--------------------

In addition to producing alcohol-like effects on mood, the acute effects of ketamine, studied in human volunteers, include cognitive impairments, including severe impairments of working, episodic, and semantic memory, as well as psychotogenic and dissociative effects.[@b26-sar-2-011] Persistent effects, including semantic memory impairment and dissociative and schizotypal symptomatology, have been observed in recreational users 3 days after ketamine administration, but not in healthy volunteers administered a single ketamine dose.[@b64-sar-2-011] A 3-year follow-up on recreational ketamine users by the same research group found that semantic memory impairments associated with recreational ketamine were reversible upon reduction of use; however, impairments to episodic memory and attentional functioning may be long-lasting. In more recent studies, frequent ketamine users were found to have impaired working memory, verbal recognition memory, and planning compared to infrequent ketamine users, abstinent ketamine users, and individuals with no history of ketamine use.[@b65-sar-2-011] Compared to two groups of controls with no history of ketamine use (polydrug users or no drug use), however, frequent ketamine users, infrequent ketamine users, and abstinent ketamine users all had higher levels of dissociative symptoms, schizophrenia-like symptoms, or delusions.[@b65-sar-2-011] Follow-up assessments conducted 12 months after the initial assessments found persistent decrements in spatial working and pattern recognition memory, and increased dissociative symptoms, delusional ideation, and depressive symptoms in persistent frequent users.[@b66-sar-2-011] Schizotypal symptoms and perceptual distortions may persist after cessation of ketamine use.[@b67-sar-2-011]

Brain structural abnormality
----------------------------

To learn the long-term effects of ketamine use on brain structures, a recent study performed on ketamine-dependent users with magnetic resonance imaging technique has revealed a dose-dependent association between chronic ketamine use and reduction of gray matter volume in bilateral frontal cortex as well as the frontal white matter fractional anisotropy. These pathological changes in brain have also been observed in patients with chronic schizophrenia.[@b68-sar-2-011],[@b69-sar-2-011]

Damage to the urinary tract
---------------------------

Urological side effects associated with ketamine use have been reported among the street ketamine users and chronic pain patients.[@b70-sar-2-011]--[@b73-sar-2-011] Although the dosage and duration of ketamine use causing severe side-effects are still unclear, lower urinary tract symptoms, which include dysuria, an increase of urination frequency, nocturia, urgency, suprapubic discomfort during micturition, and gross hematuria, were observed in these ketamine users or patients.[@b70-sar-2-011]--[@b72-sar-2-011] Biopsy specimens of the ketamine users with those urinary tract symptoms showed various degrees of epithelial inflammation similar to that seen in chronic interstitial cystitis.[@b73-sar-2-011]

In some patients abusing or treated with ketamine, long-term irreversible damage can lead to renal failure and dialysis, which may cause a significant burden to healthcare resources.[@b71-sar-2-011],[@b73-sar-2-011]

Genotoxic effects
-----------------

Ketamine hydrochloride, a secondary amine, is used as an injectable anesthetic and analgesic and thus avoids the production of nitroso compounds in the stomach.[@b74-sar-2-011] However, recreational ketamine is usually ingested by oral route in its powder or tablet form, implying the possibility of forming ketamine's nitroso derivative, *N*-nitrosoketamine (NKT). Both ketamine and NKT have been shown to possess genotoxicity using micronucleus assay in Chinese hamster ovary cells.[@b74-sar-2-011] Therefore, ketamine, like many other abused drugs such as LSD, cocaine, and opium, should be considered genotoxic.[@b75-sar-2-011]

Sexual assaults and date rape drug
----------------------------------

Ketamine, along with other drugs such as flunitrazepam and GHB that could facilitate sexual assault, is illicitly used as a so-called "date-rape drug".[@b76-sar-2-011],[@b77-sar-2-011] In China, a high proportion (45.8%) of sex impulse or violence due to ketamine use was reported.[@b4-sar-2-011] The dissociative state with amnesia and analgesia after ketamine administration suggests that ketamine should be included in any forensic examination of sexual assault cases.[@b78-sar-2-011]

Problematic use of ketamine: epidemiology and control
=====================================================

Ketamine has not yet been scheduled in the Conventions of the United Nations. Therefore, the prevalence of ketamine abuse, if any, is rather underestimated. However, the surge of illicit ketamine use has pushed many countries to take legal actions. For example, ketamine has been placed in Schedule III in the United States since 1999 and Class C in the United Kingdom since 2006. Although illicit ketamine use has become a worldwide phenomenon, the severity degree of the problem varies from region to region. For instance, in Hong Kong ketamine has replaced heroin as the most prominent drug of abuse since 2000.[@b6-sar-2-011] In the United States, emergency room visits due to ketamine use have surged 2,000% between 1995 and 2002.[@b79-sar-2-011] Below are brief summaries regarding what is known about the ketamine abuse situation with emphasis on some countries in Southeast and East Asia.

China
-----

In a survey conducted on 720 ketamine abusers, it was found that most of them used the drug in recreational settings; 12.7% suffered from acute toxicity; 13.5% had attack activities; 40.3% had sex impulse; 5.5% had violent sex; and 12.1% suffered from mental disorders.[@b4-sar-2-011] Because those who use illicit ketamine tend to be polydrug users, the association of ketamine with aberrant sexual behaviors needs further investigation. It was reported that men who have sex with men (MSM) with continued human immunodeficiency virus (HIV) transmission-risk behavior were more likely to use ketamine.[@b80-sar-2-011] At the advent of an escalating HIV situation, it would be important to study if there is a connection between ketamine use and HIV transmission among MSM or other club drug users.

Hong Kong
---------

Since the late 1990s, drug policy in Hong Kong has entered a "New Drug Era". Heroin, which had dominated the illicit drug scenes for more than half a century, was joined and, among young users, supplanted by psychoactive drugs such as MDMA and ketamine according to the database of CRDA, which compiles the data of drug abusers who come into contact with law enforcement, treatment, health care, and social service organizations.[@b6-sar-2-011] While MDMA remained popular throughout the 1990s, ketamine is now the drug of choice among young drug abusers, as the percentage of ketamine abusers rose from 60% to 70% in the early 2000s to over 80% in the late 2000s. By contrast, only about 2% of young drug abusers in CRDA are reported heroin users at present.[@b6-sar-2-011] The rapid increase of young peoples' drug use may be explained by a global trend of "normalization of recreational drug use".[@b6-sar-2-011],[@b81-sar-2-011] Some adverse reactions such as urinary tract dysfunctions have been identified.[@b73-sar-2-011]

Because of its severe abuse, ketamine has been classified as a Schedule I drug in Hong Kong since 2000.

Indonesia
---------

According to the survey conducted by National Narcotic Board and University of Indonesia, the prevalence of drug use among students of junior and senior high schools (grade 7--12) in all 33 provinces nationwide in 2009 was 4.7% (estimated number 921,695) while the prevalence among workers/laborers was 5.2% (estimated number 5,437,120). Among students who used drugs in 2009, ketamine contributed 1.8%, while within the group of workers/laborers, 1.1% using ketamine.[@b82-sar-2-011]

Malaysia
--------

Recreational ketamine use has been observed in Malaysia, and there are also reports that ketamine is gaining popularity outside of night clubs or night life scenes. Illicit ketamine induced frequency of micturition in a young Malay woman has been reported.[@b7-sar-2-011] Although there are no data regarding the prevalence of ketamine abuse in Malaysia, seizures of ketamine have been showing a rising trend. In 2007, 177.91 kg was seized, 240.62 kg in 2008, and 378 kg in 2009.[@b83-sar-2-011]

Taiwan
------

In 2005, a National Household Survey on Health and Substance Abuse was conducted on the population aged between 12--64 years old in Taiwan.[@b84-sar-2-011] The prevalence for people ever used illicit drugs was 1.2%. Among them, ketamine abusers ranked third (22.0%), behind amphetamines (49%) and MDMA (35.1%). In recent surveys of school-attending adolescents, ketamine is overtaking MDMA as the leading drug of abuse in this population.[@b85-sar-2-011] Another study performed with urine tests on 931 specimens collected from illicit drug use arrestees in 2002, a drug positive rate of 74% and 39 drugs were identified. The positive rate of ketamine use was 4.7% (44/931). Club drug (including ketamine) users tended to be younger (mostly under 27 years old), urbanized, better educated, and with a smaller gender gap (male/female ratio \< 3.5).[@b8-sar-2-011] Ketamine is usually abused with other drugs. For example, "Trinity" is a description for a sequence of polydrug use at a club with MDMA first, followed by ketamine, and then marijuana.[@b9-sar-2-011] Ketamine associated bladder dysfunction has been reported in Taiwan.[@b71-sar-2-011] The trend of ketamine seizures has been rising: from 598.7 kg in 2007, 799.5 kg in 2008, 1186.4 kg in 2009, to 2408.9 kg in 2010 (January through October).[@b86-sar-2-011]

Ketamine has been placed in Schedule III in Taiwan since 2002. Recently, a rescheduling of ketamine to Schedule I or II has been urged by the Legislative Yuan (Congress).

These preliminary data on ketamine use or seizures clearly indicate that the trend of ketamine abuse is on the rise in some countries of Southeast and East Asia. Further action to tackle this emerging problem is desperately needed.

Prevalence of illicit ketamine injection
----------------------------------------

Ketamine evolved from a human anesthetic into a recreational drug with a primary goal to experience a "k-hole" in dance clubs in the early 1980s.[@b17-sar-2-011] Ketamine injection has become an increasingly common practice among young injection drug users (IDUs) because the "k-hole" state is more reliably achieved and intensely experienced by injecting the drug.[@b17-sar-2-011] However, due to the dearth of epidemiological data, little is known about ketamine injection associated risk behaviors, or the demographic characteristics of ketamine injectors. The escalating HIV situation by needle-sharing among IDUs would make such an investigation indispensable for effective prevention and control.

Conclusion
==========

Ketamine is an anesthetic and analgesic with a wide safety margin. However, the benefit of safety in therapeutic use was offset by its emergence phenomenon and hallucinogenic effects. The recreational use of ketamine to experience a "k-hole" and other hallucinatory effects, enhancement of sexual impulse has further confined its usage and the drug was accordingly controlled tightly in many countries. Recent observations that ketamine may be associated with irreversible urinary tract dysfunction also tarnished its safety profile. However, a recent finding that ketamine could be useful in treating major depression, one of the most serious diseases in the 21st century, has given this old drug a new momentum.

So far, ketamine has not been scheduled in the conventions of the United Nations. Nutt et al adopted assessment parameters including physical harm, dependence, and social harm to score the overall harm since drugs and ketamine appear to cause more harm than some of the United Nations scheduled drugs such as LSD, MDMA, methylphenidate, and GHB.[@b87-sar-2-011] Ketamine use has also resulted in several medical complications that have not been documented previously.[@b88-sar-2-011] These results also imply that the danger of ketamine may have been underestimated.

While the diversified classification of drug scheduling among different countries may be due to various levels of ketamine abuse, it may also result from underestimating the extent or severity of problems associated with ketamine abuse or an irrational scale to assess the harm of ketamine (and other drugs).[@b87-sar-2-011]--[@b89-sar-2-011] Therefore, the severity levels of the ketamine-associated problem should be scrutinized more carefully and objectively. To prevent ketamine from spreading and evolving into an epidemic, a thorough survey on the prevalence and characteristics of illicit ketamine use is imperative so that suitable policy and measures can be taken.

On the other hand, if ketamine is indeed a remedy for treating depression, it would be a priority to learn its adverse effects such as dependence potential, cognitive impairment, and irreversible urinary tract dysfunction for long-term use. For central nervous system drugs with known or suspected dependence/abuse potential, better harmonization of risk management and post-marketing surveillance is important from both drug development and regulatory perspectives.[@b90-sar-2-011] Apparently, more clinical research on the risks and benefits of ketamine use is indispensable. Perhaps Paraselsus' old saying that "all substances are poisons; the right dose \[or perhaps the right dose for the right use in the right circumstances\] differentiates a remedy from a poison" still holds true.
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![Schematic diagram of NMDA receptor complex. The NMDA receptor is an ionotropic glutamate receptor for controlling synaptic plasticity and memory function.[@b47-sar-2-011],[@b49-sar-2-011] Glutamate (and NMDA) binds to the agonist site on the NMDA receptors. PCP, ketamine, and dizocilpine bind to the PCP receptor in the inside of the NMDA receptors. Glycine and D-serine bind to a glycine modulatory site on the NMDA receptors. The NMDA receptor is blocked by Mg^2+^ in a voltage sensitive manner. Activation of NMDA receptor by binding of both glutamate and glycine results in the opening of the channel. This allows voltage-dependent flow of Na^+^ and small amounts of Ca^2+^ ions into the cell and K^+^ out of the cell. The symbol (−) denotes inhibitory effect.\
**Abbreviations:** NMDA, *N*-methyl-D-aspartate; 7-CK, 7-chlorokynurenic acid; L689,560, trans-2-carboxy-5,7-dichloro-4-phenylaminocarbonyl; AP5, 2-amino-5-phosphonovaleric acid; CGS-19775, cis-4-phosphonomethyl-2-piperidinecarboxylic acid.](sar-2-011Fig1){#f1-sar-2-011}

![The pathway of ketamine metabolism in phase I. Ketamine is N-demethylated by liver cytochrome P450 enzymes (major: CYP3A4; minor: CYP2B6 and CYP2C9) into norketamine.[@b91-sar-2-011],[@b92-sar-2-011] CYP2B6 and CYP2A6 have been identified to hydroxylate norketamine into 5-hydroxynorketamine.[@b91-sar-2-011] The chemical structures are depicted for S-ketamine and its metabolites.](sar-2-011Fig2){#f2-sar-2-011}
